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Abstract 

The upper atmosphere over the winter polar region remains about 

as warm as that at low latitudes. The most likely heat source in the 

thermosphere and mesosphere to maintain this warmth is thought to be 

subsidence, and its rate can be estimated by equating the compressional 

heating to the normal rate of solar heat input at low latitudes. The 

average rate of inflow into the polar region required to produce this 

subsidence can also be calculated. Further, just above the turbopause, 

the inflow of different constituents is proportional to the product of 

the concentration and the scale height, whereas the loss by motion 

downward is proportional to the concentration but independent of the 

scale height; this effect leads to a concentration of the lighter con- 

stituents in the thermosphere over the winter polar region. 

observable in terms of the helium bulge over the winter polar reg4on, 

This is 

and it should also lead to an increase in oxygen concentration. These 

effects may be enhanced when there is a sudden breakdown of the polar 

vortex. 
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Important changes i n  the  composition of the upper atmosphere can 

be brought about by large sca le  c i r c u l a t i o n  near the turbopause. The 

most important c i r c u l a t i o n  i s  probably the one t h a t  maintains the warmth 

of  the upper atmosphere over the winter polar  region. 

i s  probably e s s e n t i a l l y  meridional i n  character ,  producing inflow toward 

the  winter po lar  region and downward motion and compressional heating 

of the upper atmosphere. The magnitude of the downward motion can be 

estimated by equating the compressional heating t o  the s o l a r  heating 

t h a t  occurs a t  lower l a t i t u d e s ;  t h i s  i s  j u s t i f i e d  t o  the degree t h a t  

compressional heating i s  the pr inc ipa l  hea t  source over the winter polar  

region and t h a t  the upper atmosphere i s  about a s  warm over the winter 

polar  region a s  a t  lower l a t i t u d e s .  The procedure i s  not j u s t i f i e d  a t  

a l t i t u d e s  where quasi-horizontal eddies provide an important heat trans- 

f e r  from low l a t i t u d e s  t o  high; however, a t  the  a l t i t u d e s  of concern 

here ,  the heat  capaci ty  of the atmosphere and the observed wind pa t te rn  

ind ica te  t h a t  such eddies do not provide the pr inc ipa l  heat t ransport .  

The recombination of atomic oxygen a l s o  cons t i tu tes  a heat source (Johnson, 

1958), and t h i s  must be taken i n t o  account, espec ia l ly  over the winter 

polar region where the e f f e c t  may be enhanced by the downward motion of 

the atmosphere (Kellogg, 1961). 

This c i r c u l a t i o n  

The r a t e  of heat  re lease  per u n i t  mass as  a r e s u l t  of compressional 

heating associated with downward motion o r  subsidence i s  

dh dT 
d t  p v dz - = c  v - + v v g  

where C 

ve loc i ty  (pos i t ive  upward), g is  the accelerat ion of gravi ty ,  and dT/dz 

i s  the temperature gradient ,  which i s  assumed t o  remain constant a s  the 

i s  the s p e c i f i c  heat a t  constant pressure,  V i s  the v e r t i c a l  
V P 
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v e r t i c a l  motion proceeds. 

sorp t ion  of s o l a r  energy t h a t  occurs a t  lower l a t i t u d e s ,  on the bas i s  t h a t  

t h e  subsidence heat ing over the  winter  po lar  region must approximate t h e  

s o l a r  input  a t  lower l a t i t u d e s ,  otherwise the winter  polar  region would 

This can be equated t o  the hea t  input  by ab- 

be markedly colder  than i t  i s  observed t o  be. 

Figure 1 shows an est imate  of the  equinoct ia l  hea t  input  above various 

a l t i t u d e s  i n  the  atmosphere. a t  30' l a t i t u d e .  

sorpt ion of s o l a r  u l t r a v i o l e t  r ad ia t ion  by 0 

a s  the chemical hea t  released by the  recombination of atomic oxygen. The 

inf ra red  cont r ibu t ions ,  as calculated by Kondratiev e t  a l .  (1966), a re  

a l so  shown; where the inf ra red  provides a net  l o s s  above the a l t i t u d e  i n  

The heat  inputs  due t o  ab- 

and O3 a r e  shown, a s  w e l l  2 

question, i t  i s  labeled -IR, and where i t  provides a ne t  gain,  +IR. Note 

tha t  the atomic oxygen heat ing near 80 km i s  the g rea t e s t  s ing le  energy 

input  i n t o  the atmosphere. Over the  winter polar  region, i t s  cont r i -  

bution i s  probably such a s  t o  s i g n i f i c a n t l y  reduce the  v e r t i c a l  ve loc i ty  

required t o  maintain the warmth of the upper atmosphere. 

Figure 2 shows the v e r t i c a l  ve loc i t i e s  required t o  produce the com- 

pressional  heat ing equivalent t o  s o l a r  heating a t  l o w  l a t i t ude .  Twice 

the low l a t i t u d e  r a t e  of oxygen recombination has been used i n  the ca lcu la t ion  of 

the v e r t i c a l  v e l o c i t i e s  shown i n  Figure 1 t o  allow fo r  the e f f e c t  of the  

c i r cu la t ion  on the atomic oxygen supply. 

heat r e l ease  by oxygen recombination i s  responsible f o r  the bulge i n  the 

v e r t i c a l  ve loc i ty  curve near 80 km; i t  produces no percept ible  e f f e c t  above 

90 km and below 65 km. Also shown i n  Figure 2 a r e  the average meridional 

hor izonta l  v e l o c i t i e s  required near 60' l a t i t u d e  i n  order t o  maintain the 

required v e r t i c a l  v e l o c i t i e s  over the polar  region. 

The r e l a t i v e l y  rapid r a t e  of 

Such a c i r c u l a t i o n  p a t t e r n  can produce important changes i n  atmo- 

spheric  composition a s  a r e s u l t  of the d i f f e r e n t  v e r t i c a l  d i s t r i b u t i o n s  
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of atmospheric cons t i tuents  i n  the  diffusosphere.  

po lar  region of d i f f e r e n t  atmospheric gases above the  turbopause i s  pro- 

por t iona l  t o  the  product of the meridional ve loc i ty ,  the  concentration, 

and the sca l e  height ;  because of the sca l e  height  fac tor ,  the  inflow i s  

enriched i n  the  l i g h t e r  atmospheric cons t i tuents  by comparison with the  heavier.  

The downward flow removes the d i f f e r e n t  atmospheric gases i n  proportion 

t o  the product of the v e r t i c a l  ve loc i ty  and the  concentration. 

r e s u l t ,  the  l i g h t e r  gases tend t o  accumulate and build up i n  concentra- 

t i o n  i n  a region of inflow. The biggest  e f f e c t  occurs with helium, which 

has a s ca l e  height  about seven t i m e s  l a rge r  than the average sca le  height ;  

i n  the absence of o ther  e f f e c t s ,  t he  helium concentration could continue 

t o  build up u n t i l  i t s  r e l a t i v e  concentration increased by a f ac to r  of seven, 

a t  which point  the  downward losses  would match the  inflow. However, the 

increased helium abundances a r e  a t tenuated by o ther  fac tors ,  the most 

important of which i s  outflow through the exosphere. It i s  possible  t o  

es t imate  from ca lcu la t ions  of McAfee (1967) t h a t  a v e r t i c a l  upward flow 

of about 4 x 10 atoms c m  s i s  required t o  support an increase of 

50% i n  helium concentrat ion i n  a por t ion  of the exosphere. 

of helium i n t o  the polar  region can be estimated a s  follows. 

downward current  a t  the  turbopause, from Figure 2 ,  i s  about 10 cm s , 

and the  t o t a l  downward f lux  of atmospheric p a r t i c l e s  there  i s  therefore  

about 5 x 1013 molecules cm s . Without any enhancement of the helium 

concentration, the downward f l u x  of helium would be about 2.5 x 10 atoms 

c m  s , and the  t o t a l  inflow corresponds t o  an amount seven times l a rge r  

than t h i s .  Therefore, the excess f lux  amounts t o  about 15 x 10 atoms 

c m  s . The helium concentration might therefore  build up by about a 

fac tor  of two, i n  which case the downward losses  would be 5.0 x 10 

The inflow t o  the  

A s  a 

8 -2 -1 

The inflow 

The v e r t i c a l  

-1 

-2 -1 

8 

-2 -1 

8 

- 2  -1 

8 atoms 
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-2 -1 8 -2 -1 cm s and the upward losses  12.5 x 10 atoms c m  s -- approximately 

s u f f i c i e n t  t o  compensate f o r  the  outflow through the exosphere. 

An increase of helium over the winter  polar  region has been deduced 

by Keating and P r i o r  (1967), based on observations of s a t e l l i t e  o r b i t a l  

decay. 

ing t o  a f ac to r  between 2.5 and 4.4. 

over the summer pole ac t ing  t o  decrease the helium concentrations there ,  

s o  the c i r cu la t ion  mechanism can probably explain a fac tor  near 4 for  the 

r a t i o  of the helium concentrations over the summer and w i n t e r  poles. 

They find a d i f fe rence  between the winter  and summer poles amount- 

There i s  probably an inverse e f f e c t  

It i s  reasonable t o  inqui re  whether a s imi l a r  e f f e c t  occurs on a 

d iurna l  bas i s  near the  temperature maximum and minimum i n  the thermosphere. 

The hea t  capaci ty  of the atmosphere near the turbopause i s  grea t  enough 

so t h a t  d iurna l  changes there  a r e  expected t o  be small, and hence c i r -  

culat ions probably do not develop t o  compensate fo r  the lack of s o l a r  

heating on such a sho r t  t i m e  scale .  Hence, such an e f f e c t  should not 

be expected. 

The polar  c i r cu la t ion  pa t te rns  should a l so  a f f e c t  the atomic oxygen 

concentrations,  though not so s t rongly,  since the molecular weight d i f -  

ference r e l a t i v e  t o  the average is  not so grea t  i n  t h i s  case. However, 

the  e f f e c t  i s  probably l a rge  enough t o  a f f e c t  the ionospheric chemistry 

i n  a not iceable  degree - f o r  example, by c rea t ing  the F region winter 

anomaly. 

There i s  probably enhanced inflow and subsidence over the winter 

polar  region when there  i s  a breakdown i n  the polar  vortex. Therefore 

enhanced e f f e c t s  on the  helium and oxygen build ups should be expected 

a t  t h a t  t i m e .  This might be looked i n  ionospheric per turbat ions fo r  the  

oxygen e f f e c t  o r  i n  s a t e l l i t e  o r b i t a l  decay with su i t ab le  o r b i t  parameters 
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fo r  the helium e f f e c t .  

This research was supported by the National Aeronautics and 

Space Administration under gran t  NGR44-004-026. 
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FIGURE CAPTIONS 

Figure 1. Heat input  above various a l t i t u d e s ,  based on absorption 

of s o l a r  u l t r a v i o l e t  r ad ia t ion  by O2 and 0 3 ,  and on energy released i n  

the oxygen recombination processes 0 4- 0. 

(-IR) and energy gain (+IR) due t o  infrared rad ia t ion ,  mainly by GO2. 

The curve appl ies  f o r  30' l a t i t u d e  a t  the  equinox. 

Also shown is  the energy lo s s  

Figure 2. Ver t ica l  and horizontal  ve loc i t i e s  required t o  provide a 

hea t  source over the winter  po lar  region equivalent t o  the s o l a r  hea t  

source a t  low l a t i t u d e ,  based on data  from Figure 1. 
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